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PATENT 



Related Applications 

5 This application is a divisional application of U.S. Application No. 10/279,139, 

filed October 22, 2002 which was a continuation application of U.S. Application No. 
09/944,956, filed August 30, 2001, entitled "MRAM SENSE LAYER ISOLATION" 
and is hereby incorporated herein by reference. 

Background of the Invention 

10 Field of the Invention 

The present invention relates to semiconductor processing technology and, in 
particular, concerns a magnetoresistive random access memory (MRAM) device and 
fabrication process for an element. 

15 Description of the Related Art 

MRAM is a developing technology that offers the advantages of non-volatility 
and high density fabrication. MRAM structures employ the spin property of electrons 
within layers of metallic-based magnetic material that have a physical property known 
as magnetoresistance (MR) to read the memory storage logic states. Binary logic states 

20 typically require sensing of a resistance differential to distinguish between "on" and 
"off states. If a particular material has a high resistance, the ability of electrons to flow 
through the material is inhibited and, conversely, a low resistive material tends to allow 
a higher degree of current flow. MRAM structures take advantage of this resistivity 
concept by manipulating the alignment of magnetic fields within metallic layers of 

25 material to increase or decrease the resistance. 

Moreover, current flow through a conductive trace induces a magnetic field. In 
the presence of an orthogonal external magnetic field, the spin direction of a stationary 
MR electron may be altered in one of two directions; either "upspin", parallel to the 
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magnetic field or "downspin", antiparallel to the magnetic field. Thus, by the 
application of a magnetic field, the resistivity of a magnetoresistive material can be 
altered. 

MRAM devices typically consist of a pinned (spin stationary) layer and a sense 
5 (spin programmable) layer with a tunneling layer interposed between the pinned layer 

and the sense layer. Typically, the magnetoresistive structure has electrodes that are 
positioned adjacent the sense layer and also adjacent the pinned layer such that the 
application of a current to the pinned and sense layer can change the magnetoresistive 
qualities of the MRAM element thereby altering its resistance. In this way, logic states 

10 can be programmed into an MRAM element and, by subsequent reading of the 
resistance of the MRAM element via the conductive traces, the logic state can be 
subsequently retrieved. 

MRAM structures are typically formed using known patterning and etching 
techniques used to manufacture other semiconductor memory devices, such as DRAMs. 

15 For example, the typical MRAM element or array is generally formed on a substrate. 

Sequential layers of magnetic material are deposited on the substrate and are then 
patterned and etched so as to define the MRAM element. For example, in one common 
MRAM structure, a magnetic pinned layer is deposited globally over a region of the 
substrate followed by the global deposition of the tunneling layer and then followed by 

20 the global deposition of the sense layer. Patterning and etching or ion milling 
techniques are then used to selectively remove portions of the globally deposited layers 
so as to define an MRAM element. 

Several difficulties occur during the manufacturing process which reduce the 
yield of usable MRAM elements. For example, the sense layer and tunneling layer are 

25 often patterned prior to the patterning of the underlying pinned layer. During 

subsequent patterning of the underlying pinned layer, the sidewalls of the patterned 
sense layer is exposed and material from the underlying pinned layer can sputter up 
during the pinned layer patterning thereby resulting in the two magnetic layers being 
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shorted together. With the two magnetic layers shorted together, the MRAM element is 
typically unable to record two separate binary states and be used for memory storage. 

This particular problem becomes more exacerbated when MRAM devices of 
higher density are being made. In particular, higher density devices typically have 
5 much smaller features, thereby resulting in the pinned layer and the sense layer being 
positioned more closely together resulting in shorted MRAM elements being more 
likely. 

A further difficulty with the typical MRAM fabrication process is that once the 
sense layer and tunneling layer have been patterned, it is often very difficult to pattern 

10 the underlying pinned layer to have dimensions other than the previously patterned 
sense layer. Consequently, in the typical MRAM element, the outer lateral edges of the 
patterned sense layer and the underlying patterned pinned layer are generally located 
proximate to each other. As is understood, the magnetic field of the underlying pinned 
layer is substantially stronger than the magnetic field of the sense layer. Magnetic flux 

15 emanating from the pinned layer can alter or otherwise effect the magnetic field of the 
sense layer. Hence, the magnetic field of the pinned layer can result in variations in the 
magnetic field of the sense layer other than what has been programmed. Consequently, 
the data that is stored in the MRAM element can then be inadvertently altered or 
changed as a result of magnetic coupling. 

20 It is also understood that magnetic flux is more concentrated at the lateral edges 

of the magnetic pinned layer. Consequently, when the lateral edges of the pinned layer 
are location proximate the lateral edges of the sense layer, the potential of the pinned 
layer adversely affecting the sense layer is increased. As MRAM elements are being 
made increasingly smaller, the proximity of the edges to each other results in an 

25 increase in magnetic coupling between the pinned layer and the sense layer. 

From the foregoing, it will be appreciated that there is a need for a process of 
fabricating MRAM elements such that the yield of the MRAM element can be improved 
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and also such that magnetic coupling between the various layers of the MRAM element 
can be reduced. 

Summary of the Invention 
5 The aforementioned needs are satisfied by the present invention which, in one 

aspect, comprises a process for fabricating MRAM element. In this aspect, the process 
comprises globally depositing a first magnetic layer on a region of a substrate, globally 
depositing a tunnel layer on the first magnetic layer, and globally depositing a second 
magnetic layer on the tunneling layer. The process further comprises patterning the 

10 second magnetic layer so as to define a patterned second magnetic layer of the MRAM 
element. The process then comprises forming an isolation structure around the lateral 
edges of the patterned second magnetic layer. Subsequently, the process comprises 
patterning the underlying global first magnetic layer so as to define a patterned second 
magnetic layer. In one particular implementation the outer lateral edges of the of the 

15 patterned first magnetic layer coincide with the outer lateral edges of the isolation 
element such that the outer lateral edges of the patterned first magnetic layer are 
displaced from the outer lateral edges of the second magnetic layer. In one 
implementation, the first magnetic layer comprises a pinned layer and the second 
magnetic layer comprises a sense layer. 

20 By laterally displacing the outer lateral edges of the patterned pinned layer from 

the outer lateral edges of the sense layer, coupling between the pinned and sense layers 
of the MRAM element can be reduced. Moreover, the presence of the isolation element 
during patterning of the pinned layer, reduces the likelihood that the pinned layer and 
the sense layer will become shorted during the patterning process. 

25 In another aspect, the present invention comprises an MRAM element having a 

substrate, a first magnetic layer of a first lateral dimension formed on the substrate, a 
tunnel layer positioned on the first magnetic layer; and a second magnetic layer 
positioned on the tunneling layer having a second lateral dimension that is less than the 
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first lateral dimension such that the lateral edges of the first magnetic layer and the 
second magnetic layer are offset from each other. In one particular embodiment, the 
MRAM element further comprises an isolation layer that is positioned about the outer 
lateral edges of the second magnetic layer so as to inhibit contact between the first 
5 magnetic first magnetic layer and the second magnetic layer. Preferably, the first and 
second magnetic layers are selected such that the application of a magnetic field 
changes the net magnetization of the element so that the resistivity of the element 
changes between a first state and a second state thereby enabling the element to be used 
as a data storage element. In one implementation, the first magnetic layer comprises a 

10 pinned layer with a fixed magnetic field and the second magnetic layer comprises a 
sense layer that has a changeable magnetic field such that the application of an external 
magnetic field can alter the overall resistivity of the element. 

From the foregoing, it will be appreciated that the process and apparatus of the 
present invention inhibits shorting of the sense and pinned layers of the MRAM 

15 structure during fabrication and also during subsequent use and further reduces the 
likelihood of coupling between the pinned and sense layer during operation. These and 
other objects and advantages of the present invention will become more apparent from 
the following description taken in conjunction with the accompanying drawings. 

20 Brief Description of the Drawings 

Figure 1 is a schematic illustration of a partially formed MRAM element having 
a globally deposited pinned layer, a globally deposited tunnel layer, and a globally 
deposited sense layer; 

Figure 2 is a schematic illustration of the MRAM element of Figure 1 after the 
25 globally deposited sense layer has been patterned; 

Figure 3 is a schematic illustration of the MRAM element of Figure 2, wherein 
an isolation layer has been deposited so as to protect the patterned sensed layer; 
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Figure 4 is a schematic illustration of the MRAM element of Figure 3 after the 
isolation layer has been patterned so as to define an isolation structure; and 

Figure 5 is a schematic illustration of the MRAM element of Figure 4 after the 
tunnel layer and the magnetic pinned layer have been patterned. 

5 

Detailed Description of the Preferred Embodiments 
Reference will now be made to the drawings wherein like numerals refer to like 

10 parts throughout. Referring initially to Figure 1, a partially constructed MRAM element 
100 is shown. The substrate 100 is typically comprised of a layer of insulated material, 
such as BPSG, or can further comprise a semiconductor material such as silicon. The 
substrate 102 has often been patterned to form an opening into which a conductor 104 
has been deposited. In one particular implementation, the conductor 104 in the 

15 substrate 102 is comprised of a copper conductor that is formed into the opening in the 
substrate 102 using known damascene processing techniques. 

As is further illustrated in Figure 1, a magnetic pinned layer 106 is globally 
deposited over an upper surface 105 of a region of the substrate 102. In one 
implementation, the magnetic pinned layer 106 is comprised of a layer of nickel iron 

20 (NiFe) or nickel iron cobalt (NiFeCo) that is approximately 30-150A thick and is 
globally deposited over the entire upper surface 105 of a region of the substrate 102 
using known deposition techniques, such as CVD, plasma enhanced CVD, sputter 
deposition, physical vapor deposition or the like. 

Preferably, the magnetic pinned layer 106 is magnetized in a first fixed direction 

25 and acts as a first reference point for the net directional magnetization vectors of the 
MRAM element. Further, because the magnetic pinned layer 106 is globally deposited 
over the upper surface 105 of a region of the substrate, the magnetic pinned layer is 
electrically connected to the conductor 104 formed in the substrate 102. 
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As is also illustrated in Figure 1, a tunnel oxide layer 1 10 is globally deposited 
on an upper surface 107 of the magnetic pinned layer 106. The tunnel oxide layer, in 
one implementation, is comprised of a thin aluminum material, such as A1 2 0 3 . In one 
implementation, the tunnel oxide layer is approximately 10-15 A thick and is deposited 
5 using known deposition techniques, such as the deposition techniques. In one 

implementation, a layer of Aluminum is deposited using known deposition techniques 
and the layer is subsequently oxidized using known oxidation techniques. 

As is further illustrated in Figure 1, a magnetic sense layer 112 is globally 
deposited on an upper surface 111 of the tunneling oxide layer 110. The magnetic sense 

10 layer 112 is preferably formed of a material that can be magnetized in one of two 
directions so as to change the net resistivity of the MRAM element to thereby define 
two logic states in a known manner. In one implementation, the magnetic sense layer 
112 is formed of a layer of nickel iron cobalt (NiFeCo) or nickel iron (NiFe) that is 
approximately 30-150 A thick and is deposited in any of the above-mentioned 

1 5 deposition techniques. Figure 1 further illustrates that an etch mask material has been 
deposited on an upper surface 113 of the magnetic sense layer 112 and has been 
subsequently patterned so as to define the lateral dimensions of a portion of the MRAM 
element 100 in the manner that will be described in greater detail below. Preferably, the 
etch mask material is made of a material, such as silicon nitride (SiN), Si0 2 or a-carbon. 

20 This material is preferably non-conducting so as to form an insulator insulating the 
magnetic sense layer 112 and can preferably be subsequently patterned so as to provide 
electrical access to the sense layer in a known manner. However, this hardmask 
material can also be non-isolating as long as the underlying magnetic sense and pinned 
layers can be etched selective to this hardmask. Potential non-isolating candidates are 

25 Ta, TaN, DARC and TiN. 

As is illustrated in Figure 2, the magnetic sense layer 1 12 is preferably patterned 
so as to define a patterned sense layer 212. Preferably, the portions of the magnetic 
sense layer 1 12 that are not positioned under the etch mass 1 14 are removed such that 
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the upper surface 111 of the globally deposited tunneling layer 110 is exposed. As is 
illustrated in Figure 2, since the globally deposited tunneling layer 110 remains on the 
upper surface 107 of the magnetic pinned layer 106 following the patterning of the 
globally deposited magnetic sense layer 1 12 into the patterned sense layer 212, physical 
5 or electrical contact between the patterned sense layer 212 and the magnetic pinned 
layer 106 is inhibited. 

As is illustrated in Figure 3, following the formation of the patterned sense layer 
212, a thin non-conducting material is deposited globally over the global tunneling 
oxide layer 110, the patterned sense layer 212 and the etch mask 114. As is illustrated 

10 in Figure 3, the non-conducting layer 150 is preferably globally deposited over the 
global tunnel oxide layer 110 and the etch mass layer 1 14. Moreover, as is illustrated in 
Figure 3, the non-conducting layer 150 is preferably deposited conformally so as to 
cover the outer lateral edges 214a, 214b of the patterned sense layer 212. In one 
embodiment, the non-conducting layer 150 is comprised of a material such as a-carbon, 

15 SiC, or silicon nitride and it is deposited using known deposition techniques to a 
thickness of approximately 300A to 500A. 

As is illustrated in Figure 4, the non-conducting layer 150 is subsequently dry 
etched so as to remove portions of the insulating layer that are positioned on the upper 
surface 111 of the global tunneling oxide layer 110 and on the upper surface 115 of the 

20 etch mask 114 such that the non-conducting layer 150 has been transformed into a 
spacer structure 250. As is illustrated in Figure 4, the dry etch process has preferably 
continued until the upper surface 111 of the global tunnel oxide layer 110 has been 
exposed. Moreover, the spacer structure 250 is preferably positioned so as to cover the 
outer lateral edges 214a, 214b of the patterned sense layer 212. 

25 As is further illustrated in Figure 5, following the formation of the spacer 250, 

the global tunnel oxide layer 110 and the magnetic pinned layer 106 is then patterned, 
preferably using a dry etch or ion milling process, so as to define a patterned tunneled 
oxide layer and a tunneled pinned layer 206 in the manner illustrated in Figure 5. As is 
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further illustrated in Figure 5, during the patterning of the tunnel oxide layer 1 10 and the 
pinned layer 106, the outer lateral edges 214a, 214b of the patterned sense layer 212 is 
preferably covered by the spacer structure 250 such that the pinned layer 106 will not 
sputter up and make physical contact with the patterned sense layer 212. In this way, 
5 the likelihood of the patterned sense layer 212 and the formed patterned pinned layer 

206 being physically connected and thereby electrically shorted is reduced. 

Moreover, the spacer structure 250 acts as a mask structure during the patterning 
of the tunnel oxide layer 110 and the pinned layer 106 such that the outer lateral edges 
of the pinned layer 208a, 208b are laterally offset from the outer lateral edges 214a, 

10 214b of the patterned sense layer 212. In one particular implementation, the outer 
lateral edges 208a, 208b of the pinned layer 206, is displaced in a direction parallel to 
the upper surface 103 of the substrate 102 by a distance of approximately 300A to 
500A. Because the outer lateral edges 206a, 206b of the patterned pinned layer 206 is 
laterally displaced from the outer lateral edges 214a, 214b of the patterned sense layer 

15 212, the likelihood of magnetic coupling between the patterned sense layer 212 and the 

patterned pinned layer 206 is reduced. Hence, the use of the spacer 250 allows for the 
formation of a larger pinned layer which minimizes the effect of the magnetic field in 
the pinned layer on the sense layer at the edge of the device. As discussed above, the 
stronger magnetic field in the pinned layer 206 can result in a change in the magnetic 

20 state of the sense layer 212 which can result in data stored therein being corrupted. 

Hence, from the foregoing, it will be appreciated that the process for forming an 
MRAM element described above allows for formation of MRAM elements with greater 
yield as fewer of the elements are damaged as a result of physical contact between the 
various magnetized layers. Moreover, coupling effects between the pinned layer and 

25 the sensed layer can further be reduced as a result of the offset between the lateral edges 

of the patterned pinned layer and the patterned sense layer. 

Although the foregoing description exemplifies a range of preferred 
embodiments, it should be understood that various omissions, substitutions and changes 
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in the form of the detail of the apparatus, system and method as illustrated as well as the 
uses thereof may be made by those skilled in the art, without departing from the spirit of 
the present invention. Consequently, the scope of the present invention should not be 
limited to the disclosed and illustrated embodiments, but should be defined by the 
appended claims. 
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